Electrical capacitance tomography (ECT) system is useful to obtain information on spatial distribution of dielectric material mixture inside a vessel. This paper discusses a sixteen-electrode mobile ECT sensing system which is developed non-invasively and non-intrusively. Emphases on the software development aspects are presented in several sections; initialization part, normalization part, calibration part, hardware communication part and the image reconstruction part. Thus, the liquid-gas concentration profile of the ECT system is successfully acquired using the software developed.
1.0 INTRODUCTION
Process Tomography is a technique of obtaining images of a cross section of an industrial process, for example, a multi-phase flow in an oil pipeline, so that the internal behavior can be investigated [1] . Normally, Process Tomography system consists of three main units -sensor unit, sensing electronics unit and image reconstruction unit. The sensor is mounted directly onto the process equipment and the sensing electronics are located at the site of measurement. The image reconstruction computer may be located far away from the process, for example, in the central control room, as the site may be hazardous.
Generally, electrical capacitance tomography (ECT) is a technique used to obtain information about the distribution of the contents of closed pipes or vessels by measuring variations in the dielectric properties of the material inside the vessel [2, 11] . It is appropriate for imaging industrial multi-component processes involving non-conducting flow materials. The main principle in ECT is based on the standing capacitance, which is a function of the permittivity of the medium between the electrode plates over the entire sensing volume [3] . The spatial resolution of a tomographic imaging system depends on the number of independent measurements and fineness of sensitivity focus for each measurement. The measured values or data will be manipulated in order to reconstruct a cross sectional image of the pipeline by computer programming [4] .
Basically, this research is divided into three sections; ECT sensor configuration, central control unit design and software development as illustrated in Figure 1 . 
2.0 ECT SENSOR CONFIGURATION
The choice of the number of electrodes around the circumference of the sensor is a trade off between axial length and radial length [6] . As the number of electrodes increases, the electrode surface area per unit axial length decreases and the inter-electrode capacitances also decrease. When the smallest of these capacitances (for opposite electrodes), reaches the lowest value that can be measured reliably by the capacitance circuitry, the number of electrodes, and hence the image resolution, can only be increased further by increasing the axial lengths of the electrodes. However, these lengths cannot be simply increased as the standing capacitances between pairs of adjacent electrodes will also increase and the measurement circuitry will saturate or overload once the highest capacitance measurement threshold is exceeded [5, 12] .
A 16-electrode mobile sensor has been designed on a 110 mm diameter acrylic pipe circumference. An integrated signal conditioning circuit is embedded on each electrode sensor. These sensing plates are covered by a copper insulator layer known as earthed-screen which is designed using double layer Printed Circuit Board (PCB).
The ECT sensor needs to be firmly attached onto the surface of the pipe as any small movement between these electrodes will affect the inter-electrode capacitance of the sensors. Figure 2 shows a cross-section of the pipeline, represented by a circle divided into sixteen equal sectors with a 22.5 o angle for each sensor. The total width for one sector is 21.6mm as shown in Figure 2 .
The PCB dimension is 19mm x 180mm and the sensing zone is 15 mm x 100 mm at the bottom layer. A 2 mm track space separates the sensing area and the earth screen as in Figure 3 . An ideal capacitance measuring system should have a low noise level, a wide dynamic measurement range and high immunity to stray capacitance. Output signal from the sensor plate flows into an AC based capacitance measurement circuit and is measured in order to get the capacitance value between the electrode pair. A single complete sensing module is shown in Figure 4 . The software in this research can be divided into several parts, which are the initialization part, the normalization and calibration part, the hardware communication part, the image reconstruction part, the concentration calculation part and the error measurement part.
First, the graphical user interface (GUI) automatically initializes the system. The initialization includes loading the sensitivity map of the linear back projection algorithm (LBP).
Then the system will acquire measurement data from the sensors via a data acquisition system (DAQ). When two nonhomogeneous dielectric materials are to be imaged, the calibration process takes place by measuring two reference sets of inter-electrode capacitances with the lower and higher permittivity materials respectively [6] .
All subsequent capacitance values are then normalized from 0 (when the sensor is filled with the lower permittivity material) to 1 (when filled with the higher permittivity material). The normalized value of the ECT data will be used to reconstruct a cross sectional image by implementing LBP algorithm [7] .
Microcontroller Firmware
The firmware of the microcontroller (PIC16F876 and PIC18F4550) is written using HITECH-C language using MPLAB programming software platform.
The compiled firmware is loaded into the microcontroller through In Circuit Debugger (ICD2), a real-time debugger and programming device. ICD2 supports In-Circuit Debug functions, whereby the programs can be downloaded, executed in real time and examined in detail with the debug functions of MPLAB.
Sensing Module Firmware
The firmware is loaded into PIC16F876 which is embedded on all 16 electrode modules. The task of this slave firmware is to read commands from the central control unit (master), switching sequence of each electrode as excitation source or receiver and ADC data control (as in Figure 1 ).
Firmware for Central Control Unit
The central control unit is designed using PIC18F4550 in order to synchronize the whole operation. This initialization includes setting the microcontroller's configuration and establishing a USB communication with a PC. The microcontroller is set to operate in pairing mode to enable double-buffering of the USB buffers. With double-buffering enabled, the microcontroller can store data in one buffer while the other buffer is being transferred over USB, thus increasing the processing time [8] .
Next, the microcontroller will send the control sequence to the sensing modules, where each module will be switched as excitation electrode in turn [9] . The microcontroller will collect measurement data by sending commands to sensing modules (slave). Figure 6 shows the flow chart of the firmware as described above. 
Graphical User Interface (GUI)
One GUI is designed to perform several tasks such as online and offline measurement, display tomogram image result, select different image reconstruction algorithm, display the distribution of materials in the pipeline and others [10] . Figure 7 shows the mainframe of the GUI. The analysed result can be displayed in cross sectional view section of the GUI and its numeric data or bar graph form.
There is also an online mode or offline mode selection. The online mode performs real-time measurement which is suitable for online monitoring application while offline mode collects and saves all measurement data at specific locations for offline analysis.
The calibration process has to be repeated in case different dielectric material takes part in the area of interest. The basic flow chart of the GUI is shown in Figure 8 . In the first part of the experiment, the concentration of water level was varied from 10 percent to 100 percent at every 10 percent step. The images constructed corresponded to the different water levels as shown in Figure 9 . The cross-sectional image result reconstructed in Figure 9 was captured in real-time. The processing speed for a single image reconstruction is 25 frames per second. Lower density material (air) is represented by the color white while higher density (water) is represented by the color black based on the color map range.
5.0 CONCLUSIONS
An Electrical Capacitance Tomography System with mobile sensor design is successfully developed in this research. The two phase non-homogeneous dielectric materials are investigated and the results obtained is adequately satisfying.
The system developed in this research had included some new features, such as on-plate signal conditioning board to reduce cable noise, on board sine wave generator to increase the flexibility of the system, USB based data acquisition system for low cost but high data transfer rate gateway between hardware and PC, and a software application whereby users are able to freely control and conduct measurements. This paper basically presents the results obtained from hardware, data acquisition system and software. Besides that, the overall performance of the system is evaluated through the tomogram reconstructed via linear back projection technique.
